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The nephrons of the vertebrate kidney originate from
mesenchymal tissue that is recruited and incorpo-
rated into a branching epithelium. Key features of
this unusual manner of specifying functional units
within a tubular organ have now been found to be
similarly employed during development of the insect
renal system. 
Branching morphogenesis constitutes the primary
developmental mechanism for generating epithelial
tubular structures [1]. Organs such as the vertebrate
lung, the mammary and salivary glands, and the
pancreas all use this process, in which proliferation of
an epithelial primordium is coupled with cell-shape
changes to achieve growth and elaboration of the
branched pattern. Neighboring tissues, and in
particular mesenchyme, exert an essential influence
by supplying signals which determine key features,
such as growth rates and the directionality of branch-
ing. Moreover, these interactions contribute signifi-
cantly to the specification of functionally specialized
regions of the branched epithelium. A case in point is
the mesenchyme-induced differentiation of the termi-
nal alveolar regions of the lung, responsible for effi-
cient gas exchange with the vasculature in which they
integrate [2].
During development of the lung, and most other well-
characterized models of tubular epithelia, distinct func-
tional cell types arise from an originally uniform tissue.
In an alternative, exceptional mode of epithelial tube
development, exemplified by the vertebrate kidney (see
below), functional specialization is achieved by combin-
ing epithelia of diverse origins. In this instance, epithe-
lial–mesenchymal interactions culminate in fusion of
initially separate cell populations, thereby generating a
continuous epithelium made up of distinct functional
units. This multi-origin fashion of epithelial tube devel-
opment raises several intriguing questions regarding the
orchestration of inductive and recruitment processes,
the intricacies of the transition of mesenchyme-like cells
to a polarized morphology, the timing and mechanistic
basis of fusion between cell layers, and the identity of
the molecular elements involved [3–5]. A paper from
Helen Skaer and colleagues [6], published very recently
in Current Biology, draws striking parallels between the
development of vertebrate and insect renal systems and
holds out the promise that these questions can now be
approached using the powerful genetic tools of
Drosophila research.
The vertebrate kidney provides the primary example
for formation of a multi-origin epithelium [7,8]
(Figure 1). An initial, critical step in kidney develop-
ment is the induced outgrowth of the ureteric bud
from the mesonephric duct epithelium. The ureteric
bud and its branched derivatives invade the
metanephric mesenchyme and direct a dramatic reor-
ganization of cells within this tissue. Induced mes-
enchymal cells aggregate next to the invading bud
epithelium and then undergo a structural transition, so
as to form a second polarized epithelium. The two
neighboring cell layers fuse to form a single epithelial
structure, but produce distinct functional components.
The epithelium originating from the ureteric bud will
give rise, via branching morphogenesis, to the ureter
and the collecting ducts, while the mesenchymally
derived portion will proceed to differentiate and form
the nephrons and glomeruli, the blood-filtering and
urine-producing tubular units of the mature kidney.
The cellular organization and functional attributes of
Drosophila epithelial tissues are well described, and
our understanding of these features has greatly
benefited in recent years from application of genetic
approaches [9]. In particular, the elaboration of the
tracheal system in Drosophila has served as a useful
model for investigating how insect epithelia develop by
conventional branching morphogenesis [10]. Denholm
et al. [6] now report evidence for the formation of
tubular epithelial organs from cells of mixed origins in
Drosophila. Remarkably, this mode of epithelial pat-
terning is used during development of the Malpighian
tubules, the insect equivalent of the vertebrate kidney. 
One motivation for studying Malpighian tubule devel-
opment is their relatively simple nature, making them a
good model tissue for describing both the organization
of epithelial sheets and the physiology of renal systems
[11,12]. The developmental program of Drosophila
Malpighian tubules, which is completed to a large part
during embryogenesis, includes an initial mitotic
phase, followed by a period of growth and elongation
via cell rearrangements. The adult Drosophila fly has
four Malpighian tubules, composed of two anterior and
posterior pairs, which converge through common
ureters onto the alimentary canal. Mature single
tubules are composed of only about 150 cells on
average, belonging to just two cell types. Principal
cells — also known as primary or type I cells — trans-
port cations and organic solutes, and constitute the
major tubule cell type (~80%). They are interspersed at
regular intervals with secondary, stellate-shaped cells
— also known as type II cells — through which water
and chloride ion flow is conducted [13–15]. Until now
the tubules were commonly thought to derive in their
entirety from an ectodermal primordium, which also
gives rise to the embryonic hindgut. However, the
appearance and specification of stellate cells could not
be easily reconciled with the established timeline for
tubule development.
Using a cell-marking technique designed for lineage
analysis of internal tissues, Denholm et al. [6] were
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able to show that principle cells and stellate cells are
indeed likely to arise from separate lineages: their
observations indicate that stellate cells are incorpo-
rated into the developing tubules at a relatively late
stage. The authors went on to apply a second cell-
marking approach, with which they could determine
the repertoire of genes expressed by stellate cells
from early stages of embryogenesis. This method
provided unequivocal proof of a mesodermal origin for
the stellate cells, distinct from the ectodermal origin of
most tubule cells. Specifically, stellate cells are likely
to derive from a primordium shared with progenitors
of the caudal visceral mesoderm, which neighbors the
Malpighian tubules early in their development. 
Focusing on this mesodermal primordium, Denholm
et al. [6] describe a developmental scenario in which
caudal visceral mesoderm cells migrate away (to form
midgut-associated visceral muscles), while a small
number of cells remain behind and associate with the
growing Malpighian tubules (Figure 1). With time, these
cells undergo a mesenchymal-to-epithelial transition,
adopt their characteristic stellate morphology, and
display polarized markers in a pattern common to the
tubule epithelium into which they have intercalated.
Interestingly, stellate cells differ from principle cells in
that they do not express the apical protein Crumbs, a
well-established marker of ectodermal epithelia [16],
again betraying their distinct origin. The data reported
by Denholm et al. [6] thus demonstrate conservation of
an alternative strategy for generating a tissue com-
posed of distinct cell types, involving the intercalation
of cells with different origins, rather than induction or
some mutual exclusion mechanism (such as the lateral
inhibition mediated by the Notch pathway).
Recent studies [14,15] have fostered a growing
appreciation of the essential contributions of stellate
cells to the physiological functions of Malpighian
tubules. A striking similarity of developmental princi-
ples thus emerges, in that a process of induction and
incorporation of neighboring mesenchyme enables
renal tissue to acquire key functional units in both
insects and vertebrates. Analysis of mutants in the
hibris (hbs) gene allowed Denholm et al. [6] to provide
strong genetic evidence in support of this notion.
Previous studies of hbs focused on its role in embry-
onic myogenesis [17,18]. The hbs locus encodes a
Drosophila homolog of mammalian Nephrin, a trans-
membrane protein of the immunoglobulin superfamily.
Nephrin is specifically expressed in the slit diaphragm,
a key filtration apparatus of the mammalian kidney
glomeruli, and mutations in the nephrin gene result in
a life-threatening congenital nephritic syndrome [19].
The demonstration that hbs is specifically expressed
in Drosophila stellate cells is in itself a remarkable
finding. Furthermore, hbs appears to carry out an
essential function, as the number of stellate (but not
principle) cells is markedly reduced in Malpighian
tubules of hbs mutant flies. This circumstance allowed
Denholm et al. [6] to determine, via physiological
assays, that hormonally controlled fluid secretion
rates are strongly dependent on stellate cell number.
Impairments to this function provide a likely basis for
the failure of urinary excretion by hbs mutants.
Denholm et al. [6] draw clear and striking parallels
among developmental and functional attributes of
insect and vertebrate renal organs. Do these findings
argue for a common evolutionary basis?  It should be
noted that the two scenarios are not fully equivalent
(Figure 1). In particular, Drosophila Malpighian tubule
development involves what appears as a relatively
simple assimilation of single cells, to produce a ‘salt-
and-pepper’ pattern of stellate cells within a principle
cell-dominated tubule. Kidney development, on the
other hand, requires formation of an autonomous
epithelial structure from mesenchymal cells and a fusion
event, following which a clear boundary is maintained
between functional units within an epithelial continuum.
Furthermore, evolutionary science has identified the
transition of marine proto-vertebrates to a freshwater
environment as the key circumstance behind incorpo-
ration of a glomerular apparatus into a tubular structure
[19], which may indicate that the capacity of renal
epithelia to induce and incorporate neighboring tissue
arose independently during vertebrate and invertebrate
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Figure 1. Strategies used to generate
multi-origin epithelia in the development
of vertebrate kidneys (top) and Drosophila
Malpighian tubules (bottom).
(A) Induced mesenchymal cells (mes, in
red) condense near the emerging ureteric
bud epithelium (ub, in green), and form
intermediary epithelial structures (B). The
two epithelial sheets eventually fuse and
give rise to the functional units of the
mature organ (C). cd, collecting ducts; g,
glomerulus; md, mesonephric duct; t,
tubules. (D) As Malpighian tubules (mt, in
green) emerge from the hindgut pri-
mordium (hg), they contact and recruit
mesodermal cells (in red). Thus, like the
kidney, the mature tubule (E) is composed
from cells of distinct origins. cvm, caudal
visceral mesoderm; PC, principal cell; SC,
stellate cells; ur, ureter.
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evolution. Regardless of these considerations, however,
the remarkably similar tissue and molecular features
reported by Denholm et al. [6] serve as strong motiva-
tion for further study of the common strategies
employed during renal development.
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